This study assessed differences on the uses and transmission of traditional knowledge (TK) about three traditional leafy vegetables (Crassocephalum crepidioides (Juss. ex Jacq.) S. Moor, Launaea taraxacifolia (Willd.) Amin ex C. Jeffrey, and Vernonia amygdalina Del.) of the Asteraceae family over two generations in three villages: Adjohoun, Dangbo, and Pobè (southern Benin). Individual semi-structured ethnobotanical interviews of 360 respondents were conducted in the villages with young girls, boys, and their two parents. The relative frequency of citation, use value, and Jaccard similarity index were used for data analyses. Vernonia amygdalina was the most commonly known and used vegetable in all villages, while L. taraxacifolia was confined to Pobè. Factors such as village of survey, generation, and gender affected the use value of the species, but the patterns of recognition and cultivation were species-specific. Leaves were the most used plant part. Traditional knowledge was largely acquired from parents (90% of citation), and both mothers and fathers transmitted a similar amount of knowledge to their progenies. The knowledge on V. amygdalina was transmitted to a larger scale than knowledge of C. crepidioides and L. taraxacifolia. Irrespective of the species, transmission of TK was higher in Pobè. Gender and generation knowledge dynamic hypothesis is species-specific. TK transmission was species-specific too and may be linked to the local importance and use of those resources. These findings will inform strategies and programs for the sustainable use and conservation of leafy vegetables in local communities and national research and development institutions. These vegetables are currently among the top ten most consumed leafy vegetables in local communities [11] , and exhibit high nutrient content (Table 1) , but are neglected by research and development organizations. Moreover, they have difficult sexual reproduction and seeds are scarcely conserved in any national or international germplasms. In southern Benin, C. crepidioides is considered to be on the decline and among the most endangered wild edible plants [12] similarly to L. taraxacifolia [13] . These species are also exploited in traditional healthcare systems, but have been less explicitly documented with respect to their nutraceutical uses.
Introduction
Nutraceutical plants loosely allude to species that are used as food or parts of food, and provide medicinal or health benefits-including the prevention and treatment of diseases-based on the perceived health properties of those plants [1] . For instance, several vegetables [2] [3] [4] and aromatic plants [5] were recognized as nutraceutical crops and are actively sought out for direct consumption or to be added to meals for their therapeutic or nutrient-rich properties. Those species exhibit specific bioactive compounds that can be used to target a range of diseases. In addition, they contain valuable nutritive elements, such as vitamins, minerals, essential oils, and antioxidants, that play a vital role in healthcare while serving as foods [6] . Recent ethnobotanical studies revealed that vegetable plants are by-and-large consumed by local people in Africa [3, 7, 8] . In Benin, 245 species belonging to 62 families are consumed as traditional vegetables. Among them, Asteraceae have the widest diversity with 29 species [9, 10] . In addition, 41 species, including 13 leafy vegetables, have been listed as neglected and underutilized among which Crassocephalum crepidioides e (Voucher ID: Ganvié: Zon 369 Table 1 . Nutrient content of Vernonia amygdalina, Launaea taraxacifolia, and Crassocephalum crepidioides, three leafy vegetables consumed in southern Benin (values are collated from Yang and Keding [4] ; Denton [26] ; Stadlmayr et al. [27] ; Adebisi [28] ; Fomum [29] 
Materials and Methods
The study was carried out in three villages of southern Benin with different sociolinguistic groups where the three species were reported [30] . We considered sociolinguistic group as ''a group in which a member inherits a common language of communication and shares social attributes such as customs, history, and food habits" [9] . Villages included Adjohoun, Dangbo, and Pobè (Figure 1 ). The district of Adjohoun is located in the Department of Ouémé, 32 km north of Porto-Novo. Its total area is nearly 308 km 2 . Its population is about 74,956 inhabitants [31] . It is composed of 48% men and about 52% women. Adjohoun is mainly rural and more than 80% of the active population is employed in agriculture. The district is mainly populated by the Wémè sociolinguistic group and to a lesser extent by Goun and Yoruba. The district of Dangbo is also located in the Department of Ouémé and covers about 149 km 2 with a population size of about 95,908 [31] , of which 49% are men and 51% are women. The main sociolinguistic group is Aïzo. The third district is Pobè, located in the Department of Plateau. It covers about 400 km 2 . The population of Pobè is around 123,740 inhabitants and composed of 48% men and 52% women. The main sociolinguistic groups is Holly with a minority of Nagot people [32] . All three sociolinguistic groups belong to the 'Kwa' linguistic categories. However, Aïzo and Wémè belong to the 'gbe' subcategory dominated by the Fon/Adja group, while Holly belongs to the 'ede' subcategory dominated by the Yoruba linguistic group [32] . There are differences among sociolinguistic groups and these are related to customs and beliefs, traditional religions, and practices. Communities sharing the same cultural background are likely to have convergent patterns of plant knowledge and use [33] , with the exceptions that people of the same sociocultural background living in contrasting phytogeographical areas may also have different plant knowledge [9] .
The three municipalities are under a tropical humid climate. Two dry seasons (mid-November to mid-March and mid-July to mid-September) that alternate with two rainy seasons (mid-March to mid-July and mid-September to mid-November). The native vegetation is composed of fallows and small semi-deciduous forest patches often of less than 5 ha, most of which are sacred groves. There are also some swamp forests especially along the Ouémé valley. The objective of the study was first explained to village authorities and also to each of the informants to have their consent for participation prior to interviews. Only individuals that consented to participate in the study were considered. Forty young people aged 15-18 years (20 girls and 20 boys) and their two parents (fathers and mothers) were randomly selected in each village for a total of 120 informants per village, totalling 360 informants for the whole study. The random selection was implemented using the table of random numbers applied to a list of target young people previously established for each village. Young respondents with a single parent were not considered in the sample. The study was conducted in the village of Gbéko (in Dangbo) dominated by the Aïzo sociolinguistic group, the village of Houèda (in Adjohoun) dominated by the Wémè sociolinguistic group, and the village of Igana (in Pobè) dominated by the Holly sociolinguistic group (Table 2) . These communities were selected based on previous reports on their distribution [30, 32] . In addition, a pilot survey was carried out in each community to confirm the production of at least one of the three traditional leafy vegetables targeted and the good representation of the different sociolinguistic groups. Data were collected through individual interviews with the assistance of experienced local translators that were previously trained. Primary data included: (i) sociodemographic data, (ii) recognition and cultivation of the three leafy vegetable species, (iii) knowledge on the uses of the three species, and (iv) sources of knowledge held by the informants. The objective of the study was first explained to village authorities and also to each of the informants to have their consent for participation prior to interviews. Only individuals that consented to participate in the study were considered. Forty young people aged 15-18 years (20 girls and 20 boys) and their two parents (fathers and mothers) were randomly selected in each village for a total of 120 informants per village, totalling 360 informants for the whole study. The random selection was implemented using the table of random numbers applied to a list of target young people previously established for each village. Young respondents with a single parent were not considered in the sample. The study was conducted in the village of Gbéko (in Dangbo) dominated by the Aïzo sociolinguistic group, the village of Houèda (in Adjohoun) dominated by the Wémè sociolinguistic group, and the village of Igana (in Pobè) dominated by the Holly sociolinguistic group (Table 2) . These communities were selected based on previous reports on their distribution [30, 32] . In addition, a pilot survey was carried out in each community to confirm the production of at least one of the three traditional leafy vegetables targeted and the good representation of the different sociolinguistic groups. Data were collected through individual interviews with the assistance of experienced local translators that were previously trained. Primary data included: (i) sociodemographic data, (ii) recognition and cultivation of the three leafy vegetable species, (iii) knowledge on the uses of the three species, and (iv) sources of knowledge held by the informants. Descriptive statistics based on the relative frequency of citation (RFC, %) was used to describe the pattern of recognition and cultivation of the target traditional leafy vegetables.
The analysis of the knowledge of the uses of the vegetables was based on four ethnobotanical indices. Total use value (UV Total ), food use value (UV Food ), medicinal use value (UV Medicinal ), plant part use value (PPUV), and the relative frequency of citation (RFC) of each specific use were reported. The use value was adapted from Etongo et al. [34] , while PPUV was adapted from Gomez-Beloz [35] and RFC was similar to the fidelity level of Friedman et al. [36] .
The total use value (UV Total ) of the species s is the average total number of uses reported by all informants for that species, which is the sum of the average number of uses reported in the food use category (UV Food ) and the average number of uses reported in the medicinal use category (UV Medicinal ) as described in Equations (1) and (2) .
where UR Food i is the total number of food uses reported for species s by informant i, UR Medicinal i is the total number of medicinal uses reported for species s by informant I, and n is the number of informants in the sociocultural category considered for computation.
To test whether the use value of a species correlated with generation (children versus parents), gender (men and women) and village (Igana, Houéda, Gbéko), a Poisson generalized linear model (GLM) was performed with generation, gender, and village as predictors and use values as response variables. The full model (i.e., with all possible interactions) was first established. Then, the most parsimonious model (i.e., the one with the minimum significant predictors) was searched using backward elimination based on likelihood ratio tests.
The plant part use value (PPUV) measures the use value of each plant part for each species. It is the average number of uses reported for that plant part for a given species. For a plant part k of a species s, PPUV k,s was computed as follows:
where UR k,s,i is the number of reported uses by the informant i for the plant part k of the species s. PPUV was used to identify the most used plant part for each species. To test whether the PPUV depends on the plant part, a Poisson GLM was also used.
The relative frequency of citation (RFC) is a measure of how much informants agree on a specific use (i.e., the consensus of informants on that use or knowledge). For each specific use m of each species s, RFC (RFC ps ) was computed as the number of informants who cited the specific use m (n m,s ) divided by the total number of informants for the species s (N s ) [36] .
The transmission of local knowledge from parents to child was assessed by two means. First, frequency analysis was used to describe the sources of knowledge (from who the knowledge was obtained). Second, the Jaccard similarity index was calculated to quantify the degree of similarity in knowledge held by children (distinguishing boys and girls) with that of their parents (distinguishing fathers and mothers) as indicated in Equation (5) .
where a is the number of uses common to a child (boy or girl, taken separately) and the parent (mother or father, taken separately), b is the number of uses reported only by the parent, and c is the number of uses reported only by the child. Two-sample T-tests were used to compare child/parent knowledge similarities for each species in each village. An analysis of variance (ANOVA) on log-transformed similarities (to meet ANOVA assumptions of normality and homoscedasticity) was performed to test whether the degree of shared knowledge varied with the gender of the child (boy vs girl), gender of parent (mother vs father), and village. The initial full model including main and interaction effects was simplified to minimum adequate using a stepwise selection. All statistical analyses were performed in R version 3.3.2 [37] .
Results

Sociodemographic Characteristics of Informants
Mothers were generally younger (39.95 ± 1.04 to 44.95 ± 1.26 years old) than fathers (46.11 ± 1.35 to 48.08 ± 1.78 years old). Girls and boys had similar ages, 15.62 ± 0.15 years and 16.80 ± 0.29 years, respectively. In addition, most of the children were educated, in contrast to their parents (100%, 87.5%, and 97.4% educated children against 38.8%, 42.5%, and 12.5% educated parents in Adjohoun, Dangbo, and Pobè, respectively) ( Table 2 ). Most of the children had a secondary school level of education (≥ 55%) ( Table 2 ). The illiteracy rate among parents was higher in Pobè than in the other two villages ( Table 2 ). Irrespective of the village, illiteracy rate was higher (≥75%) among mothers than fathers ( Table 2 ). Agriculture and retailing were the main activities of the parents and occupied 46% and 14% of the respondents, respectively. Children mostly went to school (greater than 60%).
Pattern of Recognition and Cultivation of Traditional Leafy Vegetables
The recognition and cultivation patterns exhibited different topology and changed mainly across villages and species ( Figure 2 ). Overall, recognition and cultivation perception of the three leafy vegetables changed among villages, species, and informant generations. Vernonia amygdalina was the most recognized and cultivated, while L. taraxacifolia was the least recognized and cultivated.
We observed that V. amygdalina was by-and-large recognized by children and parents in all three villages irrespective of the gender and generation. C. crepidioides and L. taraxacifolia were recognized by children and parents only in Pobè (100% relative frequency of citation), a Holly sociolinguistic community. In Dangbo (populated by Wémè), parents showed a citation frequency higher than 80% for L. taraxacifolia and C. crepidioides; about 30% of children informants only cited the two species in that village. In Adjohoun (Aïzo community), the citation frequencies were even lower for those two species for both parents and children (<50% and <20%, respectively) compared with Dangbo and Pobè.
Cultivation citations showed different patterns. Vernonia amygdalina was cultivated in all three villages by both children and parents with no gender difference, though in Pobè the cultivation citation frequencies were lower than that in the other two villages. Crassocephalum crepidioides was cultivated by very few parents in the Aïzo sociolinguistic group in Adjohoun; in Dangbo, it was cultivated by fewer young informants (less than 20%) and a relatively moderate number of parents (about 50%). In the Holly community in Pobè, C. crepidioides was cultivated by a higher number of children and parents, irrespective of the gender. Citation frequencies of the cultivation of L. taraxacifolia were overall low in Pobè and nil in the other two villages. We observed that V. amygdalina was by-and-large recognized by children and parents in all three villages irrespective of the gender and generation. C. crepidioides and L. taraxacifolia were recognized by children and parents only in Pobè (100% relative frequency of citation), a Holly sociolinguistic community. In Dangbo (populated by Wémè), parents showed a citation frequency higher than 80% for L. taraxacifolia and C. crepidioides; about 30% of children informants only cited the two species in that village. In Adjohoun (Aïzo community), the citation frequencies were even lower for those two species for both parents and children (<50% and <20%, respectively) compared with Dangbo and Pobè.
Cultivation citations showed different patterns. Vernonia amygdalina was cultivated in all three villages by both children and parents with no gender difference, though in Pobè the cultivation citation frequencies were lower than that in the other two villages. Crassocephalum crepidioides was cultivated by very few parents in the Aïzo sociolinguistic group in Adjohoun; in Dangbo, it was cultivated by fewer young informants (less than 20%) and a relatively moderate number of parents (about 50%). In the Holly community in Pobè, C. crepidioides was cultivated by a higher number of children and parents, irrespective of the gender. Citation frequencies of the cultivation of L. taraxacifolia were overall low in Pobè and nil in the other two villages. The total use value of C. crepidioides was 0.23 ± 0.05 in Adjohoun, 0.51 ± 0.05 in Dangbo, and 0.91 ± 0.04 in Pobè. The total use value of this species was 0.63 ± 0.04 for adults, 0.38 ± 0.05 for young informants, 0.53 ± 0.04 for women, and 0.57 ± 0.05 for men. There was no significant relationship between gender and total use value of C. crepidioides. However, young informants had a significantly lower use value compared to parents (p < 0.003, Table 3 , Figure 3 ). In addition, the total use value of C. crepidioides differed among villages; Pobè had the highest use value (p < 0.001), while Dangbo had a non-significantly different use value although higher than the value of Adjohoun. A similar trend was noticed for the food use value (Table 3, Figure 3 ). The medicinal use value of C. crepidioides was higher for men than women (Table 3, Figure 3 ). Overall, the food use value of C. crepidioides outweighed the medicinal use value (up to 96% of the species total use value).
•
Launaea Taraxacifolia
The total use value of L. taraxacifolia differed only among villages, with Pobè having the highest value (0.48 ± 0.05 against 0.06 ± 0.03 for Adjohoun and 0.01 ± 0.01 for Dangbo) (Figure 3 , Table 3 ). A similar trend was noticed for the food use value. The medicinal use value, however, was similar between a child and parent, and men and women, though women had a relatively higher use value (0.22 ± 0.04 for women against 0.15 ± 0.03 for men). The medicinal use value was similar between gender, generation, and villages (p > 0.05). Overall, the food use value of L. taraxacifolia also outweighed the medicinal use value (>89% of the species total use value) although the latter exhibited more cited specific uses (Table 4 ). Reference levels: men for gender, adult for generation, and Adjohoun for village; est = estimate, se = standard error, p = probability of the test, -means that the factor was not selected in the parsimonious model. •
The total use value of L. taraxacifolia differed only among villages, with Pobè having the highest value (0.48 ± 0.05 against 0.06 ± 0.03 for Adjohoun and 0.01 ± 0.01 for Dangbo) (Figure 3 , Table 3 ). A similar trend was noticed for the food use value. The medicinal use value, however, was similar between a child and parent, and men and women, though women had a relatively higher use value Extract is used as a drink to kill worms 3.33 5.83 0.00
Extract with petroleum and palm oil plus seven or nine pinches of sand and rub it on children's body to heal fever 0.83 0.00 0.00
Extract with lemon juice used to treat stomach aches 2.50 0.00 0.00
The leaves are wrapped in banana's leaves with a little salt and then heated in the ash to collect the juice in a spoon that is given to children to treat horrible stomach aches 0.83 0.00 0.00
Extract added with palm oil is used as a drink against vomiting 0.83 1.67 0.00
Extract is used as a drink to treat hypertension 0.83 0.83 0.00
Extract is used as an antibiotic 0.00 0.83 0.00
Macerate and drink it to treat malaria 0.00 1.67 0.00
Triturate + palm oil + "red capsule" for scarring 0.00 0.83 0.00
Eat leaves uncooked to treat mouth wounds 0.00 0.83 0.00
Triturate and drink the juice to treat cough 0.83 0.83 3.33
Triturate the leaves and take the bath with it to treat fever 0.00 1.67 0.00
Triturate and drink the juice to treat scabby penis 0.00 0.83 0.00
Triturate and squeeze the juice in the ears to treat ear aches 0.00 0.83 0.00
Macerate the leaves with immature papaya and drink it to treat malaria 0.00 0.83 0.00
Triturate and drink the juice for treating hemorrhages 0.00 0.83 0.00
Triturate the leaves in the shower water to treat scabies and measles 0.00 0.00 1.67 Cut the root and put it in a bottle with an alcoholic drink to treat malaria 0.83 0.00 0.00
• Vernonia amygdalina
Contrary to the two previous vegetables, the use value of V. amygdalina was the lowest in Pobè (1.11 ± 0.08 use report per informant), while it was higher in Adjohoun (2.11 ± 0.09 use report per informant). Children also had a significantly lower total use value compared to adults ( Table 3 , Figure 3 ). For the food use, the same trend was observed among villages. However, the use value for women (0.77 ± 0.06) was significantly higher (p = 0.026) than that of men (0.73 ± 0.07). For the medicinal use value, the trend was the same as that observed for the species total use value. The food use value outweighed the medicinal use value (52% to 79% of the species total use value) ( Table 3 ).
In summary, V. amygdalina was more used in Adjohoun, but relatively less used in Pobè. Conversely, the use values of C. Crepidioides and L. taraxacifolia were higher in Pobè, but relatively lower in Adjohoun and Dangbo (Figure 3 ).
Plant Part Use Value (PPUV), Diversity, and Category of Uses
Leaves and stem were the two plant parts used for either food or traditional medicine. The plant part use value varied greatly among vegetables. Irrespective of the vegetable, leaves had a higher plant part use value. Specifically, V. amygdalina had the highest leaf PPUV (1.59 ± 0.05), while L. taraxacifolia had the lowest leaf PPUV (0.18 ± 0.02). The stem of L. taraxacifolia and C. crepidioides were almost not used (PPUV < 0.006). The stem PPUV of V. amygdalina (0.26 ± 0.02) was six times lower compared to its leaf PPUV (1.59 ± 0.05). Table 4 shows the diversity of the specific uses of the species per plant part, the traditional preparation methods, and their relative frequency of citation per study community.
Nine specific uses were mentioned for C. crepidioides, five for L. taraxacifolia, and 52 for V. amygdalina. The food uses mainly consist of the consumption of the leaves as a sauce. The leaves of C. crepidioides were consumed alone, or as a sauce or roasted with seasoning, in a Musa spp L. leaf. The leaves of L. taraxacifolia were also consumed alone as a sauce. As for the leaves of V. amygdalina, they were consumed either alone or together with other leafy vegetables, such as Amaranthus spp. L., Celosia argentea L. var. argentea, Solanum macrocarpon L., and Ocimum gratissimum L. The leaves were consumed either fresh or dried or powdered in a Solanum lycopersicum L., Arachis hypogaea L., or Elaeis guineensis Jacq. sauce.
Crassocephalum crepidioides was used against seven ailments; L. taraxacifolia was used against four ailments, while V. amygdalina was used to treat 48 ailments (Table 4 ), i.e., approximately seven and twelve times higher than C. crepidioides and L. taraxacifolia, respectively.
Gastric disorders (e.g., constipation, stomach pain, tooth pain, angina, buccal and intestinal pain, nausea, ulcer, vomiting, diarrhea, and bad breath), respiratory disorders (e.g., cough and cold), fevers, malaria, measles, chickenpox, hypertension, scabies, wound healing, scalds, snake bites, and lack of appetite were treated by the leaves of V. amygdalina (Table 4) . Tiredness, stiffness, rheumatism, fevers, angina, intestinal disorders, and ulcer were treated by the eaves C. crepidioides ( Table 4 ). The leaves of L. taraxacifolia were used to treat fevers and wound healing ( Table 4 ).
The stems of L. taraxacifolia were used to treat the lack of appetite during illness, while the stems of V. amygdalina were used as toothbrushes, but also against ailments such as gastric disorders (stomach pain, angina, nausea, diarrhea, and bad breath), respiratory disorders (cold), lack of appetite, snake bites, and malaria.
These plant parts were often used alone or together with lemon, salt, palm oil, or a plant part of other plant species such as Ocimum gratissimum L. and Carica papaya L.
Transmission of Traditional Knowledge on Target Vegetables
The knowledge that the informants hold on the uses of selected vegetables was acquired from their parents (usually more than 90% of informants, Table 5 ). The other sources (e.g., social network and formal instruction) were negligible (often less than 15%) ( Table 5 ). Table 5 . Frequency of citation of the sources of knowledge acquisition on the use of three traditional leafy vegetables as reported by informants in Adjohoun, Dangbo, and Pobè.
Villages
Generation Gender Results from the analysis of the knowledge similarity between boys or girls and the two parents (mother and father) based on Jaccard similarity coefficients showed that for C. crepidioides and L. taraxacifolia, no significant difference (p > 0.05, Figure 4 ) was detected between the children and the parents' knowledge in any village. For those two leafy vegetables, the knowledge transmitted by mothers was similar to the one transmitted by fathers. Likewise, child knowledge similarity with that of parents did not differ significantly between girls and boys (p = 0.685 for C. crepidioides, p = 0.426 for L. taraxacifolia) indicating a similar level of knowledge transmission to boys and girls. Differences were only observed among villages. For C. crepidioides, child knowledge similarity with that of parents was at least five times higher in Pobè (Jaccard similarity = 0.74 ± 0.05) than in the other villages (p < 0.01). There was practically no knowledge of L. taraxacifolia in Adjohoun and Dangbo and no exchange between children and parents. However, a significant difference was observed between boys and girls whose knowledge of L. taraxacifolia was more similar to that of the parents (0.64 ± 0.09); boys and parents' knowledge similarity was comparatively lower (Jaccard similarity = 0.31 ± 0.09, Figure 4 ). For V. amygdalina, we observed a significant difference (p < 0.05) between the Jaccard similarity index of children's knowledge and that of fathers' and mothers' in Dangbo (Figure 4) . In that village, boys and girls hold a different amount of knowledge with that of their parents (mothers and fathers, separately).
Sources of Knowledge
Parents Grandparents Friends Training Others
In Pobè, knowledge transmission on V. amygdalina and C. crepidioides was overall the same for both girls and boys, while it was higher for girls than boys for L. taraxacifolia (Figure 4) . Irrespective of the vegetable species, about 50% of parents' knowledge was transmitted to children (Figure 4) .
In Adjohoun and Dangbo, differences were more perceptible among species. Our results indicated that knowledge on V. amygdalina was better transmitted (0.45-0.65). No knowledge on L. taraxacifolia was transmitted in our respondents from Adjohoun and Dangbo (Figure 4 ).
Discussion
Pattern of Recognition and Cultivation of Leafy Vegetables Among Informants: Variation Across Generations, Genders, and Villages
Our results suggested a differential pattern in the recognition and cultivation of the three leafy vegetables across villages, generation, and gender, as the studied vegetables were more recognized in Pobè than in Dangbo and Adjohoun. This differential pattern could be due to the natural distribution of the species and food habits (the species may occur without being used). All three species were reported in the flora of Benin [30] to occur in the study areas (phytodisctricts of Pobè and Ouèmé). Vernonia amygdalina, the most popular vegetable, has historically been used in all parts of the country [9] . It is also cultivated in home gardens and in urban and peri-urban agriculture. The For V. amygdalina, we observed a significant difference (p < 0.05) between the Jaccard similarity index of children's knowledge and that of fathers' and mothers' in Dangbo (Figure 4 ). In that village, boys and girls hold a different amount of knowledge with that of their parents (mothers and fathers, separately).
In Pobè, knowledge transmission on V. amygdalina and C. crepidioides was overall the same for both girls and boys, while it was higher for girls than boys for L. taraxacifolia (Figure 4) . Irrespective of the vegetable species, about 50% of parents' knowledge was transmitted to children ( Figure 4) .
Discussion
Pattern of Recognition and Cultivation of Leafy Vegetables Among Informants: Variation Across Generations, Genders, and Villages
Our results suggested a differential pattern in the recognition and cultivation of the three leafy vegetables across villages, generation, and gender, as the studied vegetables were more recognized in Pobè than in Dangbo and Adjohoun. This differential pattern could be due to the natural distribution of the species and food habits (the species may occur without being used). All three species were reported in the flora of Benin [30] to occur in the study areas (phytodisctricts of Pobè and Ouèmé). Vernonia amygdalina, the most popular vegetable, has historically been used in all parts of the country [9] . It is also cultivated in home gardens and in urban and peri-urban agriculture. The availability hypothesis, according to which, plants are used because they are more accessible or locally abundant [16, 38] , may explain this pattern of recognition. Vernonia amygdalina as a widely distributed and cultivated vegetable [30] , was more familiar to local farmers compared to the other two species. Crassocephalum crepidioides was cultivated by only adults at Adjohoun and Dangbo. Launaea taraxacifolia was cultivated only in Pobè by all categories of informants. A higher proportion of older informants cultivated L. taraxacifolia and C. crepidioides in Dangbo and Adjohoun, while neither age-specific nor gender-specific patterns were observed in Pobè. That finding suggested that older informants had more knowledge on the propagation of L. taraxacifolia and C. crepidioides in Dangbo and Adjohoun, while in Pobè younger and older informants, irrespective of their gender, held similar knowledge on all species.
The observed recognition pattern may also be due to the species status (i.e., wild or cultivated), the ability for propagation, or market opportunities. The informants in Adjohoun ascertained that C. crepidioides is a cultivated or wild species, while informants at Dangbo and Pobè thought that the species is a cultivated vegetable but may also be wild. Launaea taraxacifolia was said to be a wild or cultivated species, but V. amygdalina was reported as a cultivated and domesticated species. These results are congruent with several previous studies. Vernonia amygdalina is reported as a cultivated plant species, available in all seasons and the 4th of the top five traditional leafy vegetables of importance in Benin after Solanum macrocarpon, Corchorus olitorius L., and Amaranthus cruentus L. [7] . Both C. crepidioides and L. taraxacifolia are considered wild and available only in the rainy season in contrast to V. amygdalina, but undergoing a domestication process which is reported to be at the phase of bringing these species into cultivation [7, 39, 40] .
Therefore, knowledge on species propagation is the primary difficulty for farmers. All informants reported that V. amygdalina can be propagated by simple cuttings. The other two species were propagated differently, mainly through seeds. However, according to farmers, the seeds of C. crepidioides and L. taraxacifolia are not available for production because seeds drop off at maturity and also cannot be stored for long time as they die quickly. Because informants in the village of Pobè were able to cultivate all species, in particular L. taraxacifolia and C. crepidioides, further research on the reproduction biology of those vegetables will be beneficial. Additional reason explaining the observed patterns in the cultivation of three vegetables may be linked to market opportunities which are closely linked to consumption habits because the choice of species for cultivation is dependent on the availability of sales market, the market value [12] , and profitability of the species [3] .
Use Value and Use Diversity of The Three Leafy Vegetables in Relation to Village, Gender, and Generation
Use Value of Study Species: Relationship with Informants' Generation, Gender, and Village
The fact that the total use value of V. amygdalina was higher than that of C. crepidioides and L. taraxacifolia is congruent with the availability hypothesis which predicts that plants are more known and used because they are more accessible (including easily cultivable) or locally abundant [16, 38] . Regarding species-specific patterns, older informants held more knowledge on the uses of V. amygdalina and C. crepidioides than younger ones, informants at Pobè held more knowledge on L. taraxacifolia and C. crepidioides, while informants at Dangbo held more knowledge on V. amygdalina. The differences between villages can be explained by the availability hypothesis, but also by the local importance of the species. The fact that older informants knew more than younger ones is congruent with the theory that knowledge accumulation on the uses of plants is a life-long process [41] . Therefore, the longer you live, the more you know. This finding contradicts with our prediction of neutral relationships of gender, age, and village with the use value of V. amygdalina. This finding is certainly due to the fact that older informants held more knowledge on the medicinal uses than younger informants.
By disaggregating the overall use value into food use value and medicinal use value, we found a similar trend as the total use value, except that women knew more than men on the food uses of V. amygdalina which is congruent with the labor division in households [42] where women are responsible for food in the study villages. With respect to this assumption, and because men are mostly responsible for health issues in households, one should expect that men hold more knowledge on medicinal uses [43] , which was only true for C. crepidioides. This may be due to the fact that either the species are not practically used (case of L. taraxacifolia and C. crepidioides) or that the medicinal uses are so common that everyone knows the uses which may be true for V. amygdalina.
Finally, more than 90% of the total use value for L. taraxacifolia and C. crepidioides was due to food uses, while about 60% of the total use value of V. amygdalina was due to food use. Therefore, the nutraceutical value was more tangible for V. amygdalina than the others which were mostly food leafy vegetables. Leaves were the most used and this confirmed that they are all leafy vegetables. However, the stem of V. amygdalina was also used for medicinal purposes and as a toothbrush.
Diversity of Specific Uses Per Category of Uses in Relationship to Villages
The number of uses cited by informants was about 10 and 6 times higher for V. amygdalina (fifty-two) than for C. crepidioides (nine) and L. taraxacifolia (five), respectively. The relative frequency of citation of the use of leaves for food were higher for all three species indicating a consensus on their use as food. The use of leaves as food was mentioned in several previous studies, including Adjatin, et al. [44] , Achigan-Dako et al. [10] , and Dairo and Adanlawo [40] for C. crepidioides; Arawande et al. [45] and Adebisi [28] for L. taraxacifolia; and Achigan-Dako et al. [10] for V. amygdalina. The leaves may be consumed alone or seasoned with other food ingredients to increase the taste and flavor. Such ingredients in this study included Musa spp leaf, salt, Citrus limon for C. crepidioides; palm oil, and salt for L. taraxacifolia; and palm oil, salt, and O. gratissimum leaves for V. amygdalina. Vernonia amygdalina was used against a number of health disorders seven and twelve times higher than that of C. crepidioides and L. taraxacifolia, respectively. Apart from the uses of V. amygdalina against fever in children, stomach pains, anorexia, fever, bad breath, and measles, where the relative frequency of citation was greater than 5% (5%-26%, Table 4 ), for all other cited health disorders, the RFC was low (1%-2%) to very low (<1%) indicating a relative lack of consensus on this knowledge.
Sources and Transmission of Traditional Knowledge on Leafy Vegetables from Parent to Children: Children Sex-Related Knowledge Similarities
Traditional knowledge on the traditional leafy vegetables were mostly acquired from parents. Similar results were previously reported in Argentina [15] and Canada [18] and referred to as vertical knowledge transmission [46] . The transmission of traditional plant knowledge begins at an early age, as a family custom, in which women play a predominant role [15] .
As predicted, the study revealed that the local knowledge transmission depends on the species, but also on the village. Knowledge transmission was not influenced neither by parent gender nor by the sex of the young for V. amygdalina, certainly because of its availability and commonness. This suggests that the more a species is common and used, the more knowledge people hold on its uses, which are effectively transmitted. Knowledge transmission was, however, higher for girls in the case of L. taraxacifolia, certainly because L. taraxacifolia was mostly used for food and because of labour division most of the knowledge was transmitted to girls by both the parents, but mostly by mothers. In addition, knowledge transmission differed among villages, with higher transmission at Pobè for C. crepidioides likely, because it was most used and known there. This can also be a particularity of the "Holly" known for its intense relations with the flora in Benin [47] .
Conclusions
Understanding the dynamics of traditional knowledge (TK) and uses of locally adapted but underutilized species is critical for planning actions relevant for agricultural diversification and conservation of resources. The three studied species are important traditional vegetables, but V. amygdalina was the most commonly known and used in all villages, while L. taraxacifolia was confined to the village Pobè. Village, generation, and gender had significant effects on the use value, but the patterns or recognition were globally species-specific. Leaves were the most used plant part confirming the three species as leafy vegetables. The TK was acquired from parents, and both mothers and fathers transmitted a similar amount of knowledge to their progenies. The knowledge on V. amygdalina was better transmitted and was followed by C. crepidioides and L. taraxacifolia. We conclude that gender and generation knowledge dynamic hypothesis is species-specific and that TK transmission is also species-specific and may be linked to the local importance and use of resources. Due to their nutraceutical value and short cultivation cycle (tree months for first harvest), we propose to increase the production and utilization of these plants and encourage seed production and distribution. Promoting these species in home, school, or allotment gardening could be a good starting point. National agricultural services in partnerships with research institutions can also work together to develop and popularize the best agronomic practices for these species. For this utilization to be sustainable, research on genetic improvement of the species will be instrumental. Such studies are currently lacking or insufficient. Funding: This work was funded by the Laboratory of Genetics, Horticulture, and Seed Science (GBioS).
